ECE341 Spring 2005

Final
June 2, 2005

Name (print) _________Solution_____________________________

Last 4 digits of your social security number ​​​​​​​​​​​​​​​​​​​​​​​____________________
Score_____________

Notice: 
· There are 3 problems on the following pages.  

· You have 78 minutes (10:30 – 11:48) to finish the problems.

· Please read the problem carefully.

· Draw circuit diagrams, show all the steps, and WINDOW THE FINAL ANSWERS.



 Problem 1 (30 points): A 240-V, 20-kVA, 0.8-PF-lagging, 60-Hz, four-pole, Y-connected synchronous generator has a synchronous reactance of 0.2 (. This generator is operating in parallel with a large power system (infinite bus).

(a) What are the maximum, minimum, and average speeds of this generator in RPM? (5 pts)
(b) What is the magnitude of EA at rated conditions? (15 pts)
(c) If the field current is constant, what is the maximum torque possible out of this generator (in Nm)? (10 pts)
Solution:
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(a) The synchronous generator runs at synchronous speed under all conditions.
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(b) At rated conditions:
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So the magnitude of EA at rated conditions is 
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(c) The active power supplied by the generator to the power system is:
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(Line-to-line voltages)
The maximum possible active power out of this the generator is:
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The mechanic speed of this the generator is:
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   (Or 
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So the maximum possible torque out of this the generator is:
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Problem 2 (30 pts): A 208-V, 60-Hz, four-pole, Y-connected induction motor is rotating with a speed of 1710 RPM. The equivalent circuit components are
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(a) What is the slip of the motor? (5 pts)
(b) Compute the line current IL and input power Pin. (10 pts)
(c) Compute the load torque in Nm. (15 pts)
Solution:

(a)
The synchronous speed is 
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So the slip is 
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(b) The equivalent circuit of the induction motor is shown below:
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The line current is 
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The input power is
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(c) The rotor current is
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Ignoring mechanical loss, output mechanical power
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Shaft speed
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Torque
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Problem 3 (40 points): A 2.4 kVA, 240/120 V single phase transformer is tested on LV side with the following data:


Short-circuit test: Vsc=15.0 V, Isc=10.0 A, Psc=18.0 W


Open-circuit test: Voc=120 V, Ioc=0.7 A, Poc= 15.0 W

(a) Assume Sb=10 kVA and compute ZbHV, ZbLV, and per unit equivalent circuit parameters of the transformer. (30 points)

(b) The transformer is loaded at 50% of rated power with 0.8 pf leading on the LV side and high voltage (HV) side is kept constant at 240 V. Compute the load voltage ignoring the excitation branch (shunt branch) in the equivalent circuit. (10 points)

Solution:

(a)
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The equivalent circuit of the transformer referred to LV side is as shown:
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Short-circuit test:
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Equivalent impedance:
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Open-circuit test:
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Convert into per-unit value, using the base value of LV side:
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(b)
Ignore the excitation branch:
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Gauss-Seidel Method is needed to find out the load side voltage, all in per-unit:
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Iteration 1:
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Iteration 2:
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Convert the load voltage back into real value, using iteration 1 result:


[image: image60.wmf]V

 

16

.

128

120

81

.

5

068

.

1

2

=

´

°

-

Ð

=

V


Grading policy: correct calculation of one iteration receives full credit.

“No aid is given, received or observed”         Signature_____________
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